observed over this period included over 40 social groups; our dataset includes litters born in 1 22 of these groups. Groups were visited every 1-3 days. All individuals were habituated to 2 close human proximity (<1 m), and were easily identifiable by unique dye-mark patterns 3 (Hodge et al. 2008 ). The majority of individuals (>95%) were able to be voluntarily weighed 4 on electronic scales (±1g) (Clutton-Brock et al. 2004 ). Individuals were weighed before they 5 commenced foraging in the morning. Dominance rank is easily detected, as dominant females 6 are the primary breeders in the group, and other individuals are behaviourally submissive to 7
her. The dataset we used contained only litters born to dominant females and these were the 8 only litters being raised by the group at that time. While subordinate females may 9 occasionally breed, no subordinate litters are included in this analysis, and allonurses in this 10 dataset were not concurrently nursing young of their own. Litters born to dominant females 11 were given a binary code identifying whether they were nursed by more than one female 12 (allonursed -"1"), or only by their mother (not allonursed -"0"). Lactation is easy to detect 13 both in mothers and allonurses due to the obvious presence of damp, sandy rings around the 14 nipples of lactating females (MacLeod et al. 2013) . 15 
16
Meerkat pups are born in an underground burrow, where they remain until they 17
emerge at approximately three weeks of age. Few pups are lost during the birth-emergence 18 period, unless the whole litter is lost or killed; this has been confirmed by ultrasonic imaging 19 data (Russell et al. 2003) . Litter size at emergence was therefore judged to be a suitable proxy 20 for the same measurement at birth. Emergence weights were calculated for each pup by 21 averaging all weight measurements collected before 1 month of age; from this data we 22 calculated the mean emergence weight for each litter. Whether a pup survived toindependence (3 months of age) was determined; from this data we determined the proportion 1 of surviving offspring per litter (number of survivors to 3 months/litter size). the mean of the female's pre-foraging mass records in the week after the conception date. 10
Maternal age was measured in days from the date of her birth to the date of conception. 11
Maternal condition at the end of lactation was calculated in the same way, using the mean of 12 the female's pre-foraging mass records in the week after she stopped lactating, and her age on 13 the last day of lactation. Post-lactation weight is obviously affected if females reconceive 14 during lactation -as we were testing effects on interbirth interval we could not standardize 15 this measure by omitting any females that were pregnant again during this time from this 16 analysis. However, as there is no discernible weight gain during the first month of pregnancy 17 (Sharp et al. 2013 ), early pregnancy should not have a strong effect on post-lactation 18 condition. 19 
20
Maternal lactation duration was calculated as the time in days between the recorded 21 onset and cessation of lactation. Lactation periods artificially shortened by the death of a litter 22 or mother were not included in the analyses (N=306 excluded). Likewise, records without 23 sufficient accuracy (either the start or end of lactation had occurred when the female had notbeen seen for over 7 days, N=89), or where an allolactation period overlapped with lactation 1 for the female's own litter (N=5), were excluded from analyses. Resultantly all records of 2 lactation duration used in the analyses were accurate to within a week. Interbirth interval was 3 defined as the time in days between the birth of a current litter, and that of a subsequent litter. 4
Although meerkats can potentially breed year round, there is a substantial drop in births 5 between May-July and a peak in births in Nov-Dec. We thus deemed the reproductive season 6 to begin in July, and litters born from July onward were the first of the season. We excluded 7 interbirth intervals that spanned reproductive seasons (i.e., between litters born at the end of 8 one season and those born at the beginning of the next), as the length of these periods is 9
likely to be driven primarily by environmental variables. 10 
11
Rainfall is an established proxy for resource availability in this system (Hodge et al. 12 2009), and accounts for effects of environmental and seasonal variation. For each litter, we 13 calculated average daily rainfall (ml) between litter conception and birth. We also include 14 litter order (within the group, within the season) to account for variation according to time in 15 the season that might not be explained by rainfall. Group size was defined as the total number 16 of adult individuals (older than 6 months of age) present in the group on the litter's birthdate. 17 
18
In total, we had complete data on 120 different litters from 39 females across 12 19 years. Of these 120 litters, allonursing occurred in 58 litters which is consistent with 20 frequencies seen in larger samples (MacLeod et al. 2013 arrows between the errors of the following variables that we predicted to be strongly 8 correlated with one another (i.e., covariance between residuals): condition of mothers pre-9 conception and post-lactation; rainfall and litter order; and number of offspring in a litter and 10 the average mass of an offspring at emergence. Transformation of variables was determined 11 based on the assessment of normality in AMOS to ensure that the data were approximately 12 multivariate normal. Most variables were untransformed except for rainfall, interbirth interval 13 and emergence weight which were natural log-transformed. We added one to rainfall values 14 to account for zero values prior to transformation. 15 16 We compared the fit of our a priori hypothesized model to the fit of two alternative 17 models. First, to examine whether including allonursing was an important component of the 18 model (whether it improved the fit of the model), we compared our hypothesized model (with 19 allonursing included) to an alternative 'allonursing excluded' model where the binomial 20 'allonursing' variable and all of its relationships were removed. Second, to examine whether 21 there were maternal influences across years particular to the identity of the mother, we 22 compared our hypothesized model (without mother identity) to an alternative model 23 including mother identity as an observed variable. In this alternative 'mother identityincluded' model, mother identity connected the following variables: maternal condition pre-1 conception, maternal condition post-lactation, lactation duration, average emergence mass, 2 litter size and proportion survival. 3 4 To examine whether the nature and extent of effects of allonursing depends on 5 maternal condition, we again used our a priori hypothesized model but instead of treating all 6 mothers as part of a single group (as described above), we separated mothers into two groups 7
based on their pre-conception condition. Mothers with positive residuals pre-conception were 8 included in the 'good condition' group (N = 68) and mothers with negative pre-conception 9 residuals were included in the 'poor condition' group (N = 52). We specified these two 10 groups in the data structure and reran our a priori hypothesized model. In so doing, the 11 relationships among the factors in the model are free to vary between the maternal condition 12 groups (i.e. no constraints) although a single model is fit to the dataset. We then compared 13 our hypothesized model with no constraints to a model where we constrained the 14 relationships with allonursing to be equal between our maternal condition groups. In other 15 words, we specified four constraints and constrained the regression weights between 16 allonursing and 'maternal lactation duration', 'litter order', 'post-lactation maternal condition ' 17 and 'mean litter emergence weight' to be equivalent between good and poor quality mothers. 18
By comparing the unconstrained and constrained models, we can examine whether the 19 relationships with allonursing are significantly different between mothers of good versus poor 20 condition. If, for example, there are benefits of allonursing for poor quality mothers but not 21 for good quality mothers, then we should find a significant difference between these models, 22 with the constrained model being unsupported. 
Results

12
The a priori hypothesized structural equation model fit the data adequately and was not 13 rejected (Table 1, Fig. 2 ). Allonursing did not have a significant effect on any of the paths 14 specified in our hypothesized model: comparing the hypothesized model to the alternative 15
'allonursing excluded' model indicated that the models did not differ significantly from one 16 another (χ 2 difference = 1.849, df = 6, P = 0.933). The alternative 'allonursing excluded' 17 model fit the data adequately and was in fact a better fit to the data than our hypothesized 18 model including allonursing (according to AIC), suggesting that allonursing did not affect 19 patterns in the hypothesized model substantially (Table 1) . Inclusion of maternal identity and 20 its connections to maternal and litter traits significantly reduced model fit compared to the 21 hypothesized model (χ 2 difference = 15.139, df = 5, P = 0.010) and did not adequately fit the 22 data (Table 1) . 23 1 The comparison between the models with and without allonursing suggests that the 2 presence of allonursing did not contribute significantly to the overall patterns in the model. 3
The weak effect of allonursing is further confirmed by examining its influence on both 4 maternal and litter traits (Fig. 2) The benefits of allonursing (or lack of) did not strongly depend on maternal body 5 condition. The fit of the hypothesized model and the relationships among the factors were 6 similar regardless of whether we included all mothers in a single group (Table 1) 
Discussion
18
We found no evidence to suggest that allonursing significantly benefits pups in terms of 19 increasing their weight at emergence or survival, or that allonursing significantly benefits 20 mothers in terms of reducing their lactation duration or interbirth intervals, or boosting their 21 physical condition. Instead, litter traits and maternal reproductive decisions were strongly 22 affected by maternal condition (independent of identity), which was itself strongly influencedby environmental factors. Furthermore, the patterns with allonursing did not differ 1 substantially between mothers in relatively good condition and those in relatively poor 2 condition. These results suggest that in this species, allonursing does not meet the definition 3 of a cooperative behaviour (West et al. 2007 ). If allonursing does not have measurable 4 benefits for pups or mothers, why then does it occur so regularly (~50% of litters)? We 5 suggest three possible, and non-mutually exclusive, reasons for why allonursing might occur 6 in this species: it may incur little cost, it may provide allonurses with social benefits, or the 7 benefits of allonursing to recipients may be cryptic. Another possible cryptic benefit of allonursing is that it serves to soothe offspring 1 after a stressful event. This is thought to be the case in tufted capuchin monkeys, where 2 allonursing bouts are short and non-lactating females may also suckle young ( milk. In these cases, it is likely that milk is being transferred during nursing, making it 10 unlikely that soothing is the primary function of allonursing in meerkats. Whether and how 11 much milk is transferred to offspring by non-pregnant females is necessary to determine the 12 whether soothing offspring is a cryptic benefit of allonursing in this species. 
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